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Polychlorinated biphenyls (PCBs) and Polybrominated Diphenyls Ethers (PBDEs) are two highly lipophilic
classes of persistent organic pollutants able to resist degradation and with the ability to bioaccumulate
through the food chain. In Brazil, there are still few studies on PCBs and PBDEs in aquatic organisms.
In this study, we determined the levels of PBDEs and PCBs in three different ﬁsh species from the Ilha
Grande Bay, located in the southern state of Rio de Janeiro, Brazil. PBDEs levels were very low, with values
below the limit of quantiﬁcation. PCBs concentrations ranged from 2.29 to 27.60 ng g1 ww in muscle
and from 3.41 to 34.22 ng g1 ww in liver of the three investigated ﬁsh species. Signiﬁcant positive cor-
relations were established between PCBs concentration and ﬁsh biometric variables in mullet (length and
lipid content) and a statistically signiﬁcant change between seasons in croaker was observed.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
Polychlorinated Biphenyls (PCBs) and Polybrominated Dipheny-
lethers (PBDEs) are ubiquitous environmental contaminants that
have been the subject of many recent investigations (Wurl and
Obbard, 2005). They are structurally similar and have similar
physicochemical properties (de Boer and Coﬁno, 2002). They are
hydrophobic compounds and may present up to 209 different
congeners (Bergen et al., 1993; Alaee et al., 2003). Their physico-
chemical properties are directly dependent on the position and
halogenation degree of the molecule. Properties such as their vapor
pressure and biodegradability are diminished considerably whenll rights reserved.
R. Lavandier).their halogenation degree increases (Loganathan and Kannann,
1994).
PBDEs began to be marketed in the 1960s and have been widely
used as ﬂame retardants added to computers, TVs, electric and
electronic components and insulation wires and cables (de Wit,
2002). They were commercially produced as three different mix-
ture formulations (Penta, Octa and Deca-BDE) (Kajiwara et al.,
2008). The large-scale production of PCBs, on the other hand, began
in the ﬁrst half of the twentieth century (Breivik et al., 2007) and,
for several decades, they were used extensively in a wide range of
industrial applications such as coolants and lubricants in trans-
formers and capacitors, and as hydraulic and heat exchange ﬂuids
in electrical/electronic equipments (EEEs) (Wu et al., 2008).
These compounds are easily transported through the atmo-
sphere (deWit et al., 2006), are able to bioaccumulate in fat tissues,
biomagnify through the food web (Fasola et al., 1998) and are
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They can also cause reproductive disturbances and neurotoxic
and carcinogenic effects (Stewart et al., 2003; Cetin and Odabasi,
2008). Previous studies indicate that PCBs, PBDEs and their hydrox-
ylated metabolites may be potential competitors for the binding
sites of many hormones, acting as endocrine disrupters (Stewart
et al., 2003; Richardson et al., 2008).
PCBs and PBDEs were never produced in Brazil, however most
of the transformer oils already in use today in the country contain
PCBs, since these oils were imported, mostly from the United
States and Germany. Most electronic equipment contains PBDEs,
since electronics are mostly imported from China (Penteado and
Vaz, 2001). These compounds have been globally found in different
environments (Gouin et al., 2002), and even in remote areas such
as the Arctic (Iwata et al., 1993; Gocht et al., 2007; Shaw et al.,
2008). Therefore, they are of great interest and should be
investigated.
In January 1981, the Brazilian government established the ban
of PCBs manufacturing, sale and use in the country. However the
law allowed for equipment already using these compounds to con-
tinue in operation until the replacement of the dielectric ﬂuid for
other PCB-free products (Penteado and Vaz, 2001), thus leading
to an ongoing potential source of these compounds in the country.
These compounds have been increasingly studied in the north-
ern hemisphere. For example, PBDE concentrations in the biota and
human populations from North America are generally among the
highest in the world and are steadily increasing (Hites, 2004).
However, few studies have been conducted to assess the occur-
rence of PCBs and PBDEs in the southern hemisphere (Paumgartten
et al., 2000; Miranda et al., 2008; Shaw and Kannan, 2009; Li et al.,
2010).
This is, to the best of our knowledge, the ﬁrst study regarding
PCBs and PBDEs in ﬁsh from the Ilha Grande Bay area. The aim of
this study was to determine PCBs and PBDEs concentrations in
three ﬁsh species representing different trophic niches: silver scab-
bardﬁsh (T. lepturus), a top-predator carnivorous species, expected
to accumulate more of these compounds by biomagniﬁcation since
it is the top level of this study, whitemouth croaker (Micropogonias
furnieri), a lower-level carnivorous species, expected to accumulate
intermediary values of PCBs and PBDEs since it is the middle tro-
phic level of the present study, and mullet (Mugil liza), a detritivo-
rous species, from an estuarine area in southeastern Brazil, Rio de
Janeiro, which is the lowest trophic level of this study and, on one
hand, is expected to accumulate less of these contaminants,
through trophic transfer. Possible correlations between the bio-
metric variables and lipid content of each species of ﬁsh with PCBs
and PBDEs levels were also investigated, since these compounds
are highly lipophilic and length and age in ﬁsh are directly related
(Blackwell et al., 2000), where older ﬁsh and larger, and may have
been exposed longer to environmental contaminants.2. Materials and methods
2.1. Study area and ﬁsh sampling
Ilha Grande Bay, a very important tourist region in Rio de
Janeiro, is located in the city of Angra dos Reis, between the most
populated cities of Brazil, Rio de Janeiro and São Paulo (Fig. 1),
on the southern coast of Brazil (Costa, 1998; Creed et al., 2007).
The bay has a tropical climate, an average annual temperature of
approximately 23 C and annual precipitation of 2400 mm and
the local vegetation is composed of Atlantic rainforest (Lorenzon
et al., 2006). It is considered a reference area, since previous studies
indicate this area shows no sources of contamination regarding
several compounds such as metals (Seixas et al., 2012) and organo-chlorine pesticides (Galvão et al., 2012). PCB levels in this area have
been recently studied (Galvão et al., 2012) and were reported as
very low, while, to the best of our knowledge, no PBDEs studies
in this area are available.
Twenty-one silver scabbardﬁsh (T. lepturus) (3 males, 17 fe-
males and 1 indeterminate) were collected in December 2009. A
total of 25 whitemouth croaker (M. furnieri) specimens were col-
lected in the wet (n = 15, 9 males, 4 females and 2 indeterminate)
and dry (n = 10, 4 males and 6 females) season. Fifteen mullet (M.
liza) (4 males, 8 females and 3 indeterminate) were collected. All
specimens were collected by local ﬁsherman at Ilha Grande Bay.
These three species present different feeding habitats (top-level
carnivore, carnivore and omnivore, respectively), and, thus, may
be differentially exposed to PCBs and PBDEs contamination
through trophic transfer. The individuals were transported on ice
to the laboratory, to minimize tissue decay and to maintain a moist
environment during transport. At the laboratory the ﬁsh were
sexed when possible and individually measured (±1.0 mm),
weighed (±0.01 g). Dissections were performed to separate muscle
and liver from each individual. These samples were immediately
frozen at 80 C, freeze-dried, crushed with mortar and pestle
and stored until analysis.
2.2. Chemicals
The reference material for PCBs (PCB Congener Mix for West
Coast Fish Studies, AccuStandard, New Haven, CT, USA) contained
25 lg mL1 in isooctane for each compound and consisted of a
mixture of 24 congeners: PCB-31, -33, -49, -56, -60, -70, -74, -87,
-95, -97, -99, -110, -132, -141, -149, -151, -156, -158, -174, -177,
-183, -194, -199, -203. Another PCB reference standard (WHO/
NIST/NOAA Congener List, AccuStandard, New Haven, CT, USA)
containing 10 lg mL1 in isooctane for each compound and con-
sisted of a mixture of 28 congeners: PCB-8, -18, -28, -44, -52,
-66, -77, -81, -101, -105, -114, -118, -123, -126, -128, -138, -153,
-156, -157, -167, -169, -170, -180, -187, -189, -195, -206 and
-209. A standard solution of PCB-209 (Accustandard, New Haven,
CT, USA), containing 35 lg mL1 in isooctane was used as a surro-
gate for quality control and a standard solution of PCB-53 (Accu-
standard), also in isooctane and containing 35 lg mL1, was used
as an internal standard for chromatographic analysis. A PBDEs ref-
erence material (Bromodiphenyl Ether Lake Michigan Study) con-
tained 10 lg mL1 in isooctane of each congener and consisted of
a mixture of 9 compounds: BDE 28, 47, 66, 85, 99, 100, 138, 153
and 154. All standards were P95% pure. All solvents used were
GC grade and all chemicals were ACS grade (J.T.Baker, Phillipsburg,
NJ).
2.3. Sample processing and analyses
Sample extraction was based on the method of de Boer et al.
(2001) with minor modiﬁcations, consisting of four different steps:
saponiﬁcation, extraction, clean-up and chromatographic analysis.
Approximately 1 g of each sample was weighed and 10 lL of
3.5 ng lL1 of a surrogate solution (PCB-209) were added to assess
inherent losses during the analytical procedure. Saponiﬁcation is
widely used in the extraction of organic pollutants in soil, sedi-
ments and biological tissues to eliminate fat (Xiong et al., 2000;
Numata et al., 2005). In this step, 20 mL of 1 mol L1 of a KOH solu-
tion in absolute ethanol was added to the sample and allowed to
rest for 30 min. Then, the mixture was homogenized in an Ultra
Turrax homogeneizer (IKA, Brazil) at 14000 rpm for 1 min. After
this, 20 mL of acetone were added to the system and the mixture
was further homogeneized in the UltraTurrax in the same condi-
tions. Soon after, 20 mL of hexane were added and the sample
was homogenized, again in the same conditions. Finally, 20 mL of
Fig. 1. Location of the study area, Ilha Grande Bay, Rio de Janeiro State, Brazil (adapted from (Kehrig et al., 1998)).
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Turrax at 22000 rpm.
After decantation the organic layer was separated with a capil-
lary pipette ﬁlled to 1 cm of anhydrous sodium sulfate and trans-
ferred to a beaker. The solvent was completely evaporated in a
controlled water bath (40 C) and under a gentle stream of high-
purity nitrogen. The extract was then dissolved in 1 mL of hex-
ane/acetone 1:1 for the clean-up step.
The clean-up step was performed by an alumina column chro-
matography followed by treatment with sulphuric acid. The
clean-up was conducted through a glass chromatographic column
dry packed with 6 g of 5% deactivated alumina and covered by a
1 cm layer of anhydrous sodium sulfate. The extract was placed
on the top of the column, eluted with n-hexane and two 4 mL frac-
tions were collected. According to previous tests, only the second
fraction contained the target analytes, which was evaporated to
1 mL in a controlled water bath (40 C) and under a gentle stream
of high-purity nitrogen. After this, the acid treatment was con-
ducted, with 2 mL of sulfuric acid added to the 1 mL extract. The
mixture was homogenized for 30 s in a vortex apparatus and the
resulting emulsion was then centrifuged until phase separation.
The organic layer was then transferred with a capillary pipette
and washed twice with ultra-pure water (extracted ﬁve times with
20 mL of n-hexane to each 1 L of water).
After these processes, the extract was completely evaporated in
a controlled water bath and under a gentle stream of high-purity
nitrogen and 10 lL of 3.5 ng lL1 of the internal standard for chro-
matographic analysis (PCB-53) were added.
The determination of lipid content in the samples was per-
formed based on an adaptation of the classic cold solvent extrac-
tion (Bligh and Dyer, 1959) with modiﬁcations proposed by
Honeycutt et al. (1995).
PCBs and PBDEs were analyzed by gas chromatography coupled
to mass spectrometer (GC–MS) in an electron capture negative ion-
ization mode (GC/MS-ECNI) and operated in selected ion monitor-
ing (SIM) mode. The column HP 5MS (Agilent) used was 30 m long
with a 0.25 mm internal diameter and a 0.25 mm thick ﬁlm of 5%
phenyl methyl siloxane. The carrier gas was heliumwith a constant
ﬂow of 1.1 mL min1 and 1 lL of sample extract was injected at
splitless mode. The temperatures for the injector, interface and
ion source were 280 C, 280 C and 300 C, respectively. The condi-
tions for PCBs determination were the following: the column oven
was programmed for an initial temperature of 75 C for 3 min and
a rate of increase of 15 C min1 from 75 to 150 C, then at a rate of
2 C min1 the temperature was raised to 260 C. Finally, the tem-
perature was increased at a rate of 20 C min1–300 C and washeld for 10 min. The conditions for PBDE determination were the
following: the column oven was programmed for an initial temper-
ature of 70 C for 1 min and a rate of 12 C min1 from 75 to 154 C,
then at a rate of 2 C min1 the temperature was raised to 210 C.
Finally, the temperature was increased at a rate of 3 C min1–
300 C and was held for 5 min.
2.4. Quality control
For quality control, blanks were analyzed in order to detect any
contamination from the analytical process that might interfere
with the detection and quantiﬁcation of PCBs and PBDEs. Blanks
were injected after the analyses of each sample group in the GC–
MS. Calibration curves for PCBs were prepared in n-hexane in con-
centrations ranging from 1 to 200 ng mL1, with a linear coefﬁcient
(r2) greater than or equal to 0.995. All standard calibration curves
exhibited excellent linearity. For PBDEs, calibration curves were
prepared in isooctane in concentrations ranging from 2 to
100 ng mL1, with a linear coefﬁcient (r2) greater than or equal
to 0,995. The limit of quantiﬁcation (LOQ) was estimated as
10s/S, where s is the standard deviation measured in blanks and
S is the method sensitivity. The LOQ for PCBs ranged between
1.89 and 5.94 ng g1 dw and for PBDEs ranged between 1.68 and
5.13 ng g1 dw. The recoveries for the spiked PCB-209 into each
sample were in the range of 68–125% (mean: 83 ± 14%) for liver
samples and 71–131% (mean: 87 ± 11%) for muscle.
2.5. Statistical analyses
Data normality was tested using the Shapiro–Wilkes W test
prior to additional statistical analyses. As the analytical data
showed a non-normal distribution, all data was log-normalized.
A Principal Component Analysis (PCA) was conducted for each ﬁsh
species in order to identify correlations between PCBs and PBDEs
levels and biometric variables (length, weight, sex) and lipid con-
tent, using the method of total availability (Pairwise), to estimate
correlations and maximize all the information available in the
samples. The level of signiﬁcance was set to p 6 0.05. The statisti-
cal analyses were conducted with Statistica 7 for Windows.
3. Results and discussion
3.1. Biometric data
The biometric data regarding the three ﬁsh species investigated
in the present study is shown in Table 1.
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3.2.1. PBDEs
In the present study, all PBDEs congeners were below the meth-
od LOQ of 1.68–5.13 ng g1 dw. As Ilha Grande bay was considered
a reference site in the 1990´s, this lack of PBDE in ﬁsh samples sug-
gests that the studied area is not impacted by PBDE contamination,
in contrast with other studies conducted in Brazil.
Little is known about PBDEs concentrations in the southern
hemisphere (Quinete et al., 2011). One study conducted in the
northern part of the Chilean Patagonia with wild Chinook salmon,
reported PCBs concentrations ranging between 7.8 and
25.5 ng g1 ww and PBDEs ranging from 272 to 1046 pg g1 ww,
respectively, which are similar to levels reported in this same spe-
cies in the northern hemisphere (Montory et al., 2010). Another
study analyzed PBDEs concentrations in brown trout from the An-
dean Patagônia, in Argentina (Ondarza et al., 2011), where PBDEs
levels in gonads, gills, liver and muscle exceeded 80 ng g1 (lipid
weight), higher in comparison to other values reported in the
Southern Hemisphere. The predominant congener in that study
was BDE-47, suggesting higher bioaccumulation potential and pos-
sible brown trout metabolism of higher congeners.
Some recent studies indicate that PDBEs contamination is pres-
ent in Brazilian coastal areas. The study conducted by Quinete et al.
(2011) analyzed dolphin livers, kidneys and muscle tissue samples,
and observed that BDE 47 and 85 were the predominant congeners
in dolphins, with the presence of BDEs 99 and 100 as well, suggest-
ing the possible use of the penta BDE mixture in Brazil. These
authors also analyzed ﬁsh specimens, and for these animals they
report that BDE 47 and 85 were detected for croaker and scabbard-
ﬁsh liver samples, and that BDE 66, 99, 100 and 154 were detected
only in scabbardﬁsh. However, in contrast, the report by Dorneles
et al. (2010) that analyzed liver samples from 51 cetaceans
stranded on the beaches of Rio de Janeiro state, from 1994 to
2006, indicate that BDE 183 could not be detected in any of the
cetacean samples, which the authors indicate could probably the
result of a combination of factors, such as the low use of OctaBDE
technical mixture, debromination of BDE 183 to BDE 154 (as ob-
served in ﬁsh), or a reduced bioavailability in aquatic environ-
ments (Dorneles et al., 2008).
Concerns regarding adverse biological effects, long-range atmo-
spheric transport, global scale redistribution, and condensation in
colder regions have resulted in international measures to ban or re-
strict PBDE production and usage in many countries (Rodan et al.,
1999). The use and production of Penta- and Octa-BDE formula-
tions were banned in Europe in 1998, while in the United States
this happened only in 2004 (Ross et al., 2009). Although the embar-
go on the use and marketing of Deca-BDE in the European Union
only came years later, in 2008 (Muenhor et al., 2010), this formu-
lation is still being used in the US and will be phased-out only in
2013 (Turyk et al., 2010). In Brazil, the ﬁrst restrictions on organo-
chlorine pesticides began in the early 1970s, but ﬁnal prohibition
took effect in 1985 (de Souza et al., 2008). However, there is no leg-
islation in the country that prohibits the use of material containingTable 1
Biometric data of the three ﬁsh species analyzed in the present study. (kg – kilogram,
cm – centimeter, SD – standard deviation.)
Species Season Length Weight
Min
(cm)
Max
(cm)
Mean
(cm) ± SD
Min
(kg)
Max
(kg)
Mean (kg)
± SD
Scabbardﬁsh Wet 75.0 130.0 100.5 ± 12.2 0.42 1.36 0.66 ± 0.23
Croaker Wet 27.0 46.0 32.3 ± 5.7 0.19 1.03 0.40 ± 0.23
Dry 47.0 56.0 50.2 ± 3.4 0.99 1.80 1.31 ± 0.29
Mullet Dry 52.0 62.0 55.3 ± 2.6 1.06 2.10 1.35 ± 0.26PBDEs. There is a project still under analysis in the Brazilian Gov-
ernment that would enforce the rule that PBDE-containing prod-
ucts in the country (both imported or produced in Brazil) would
have to have concentrations lower than 0.1%. This would include
only computers, computer accessories and computer components
(Brazil, 2009).
Besides continuing use of these compounds, increasing levels of
PBDEs in the environment can also be attributed to several factors,
such as the disposal of obsolete electronic equipment and volatili-
zation losses in products containing these compounds (Hale et al.,
2002).
3.2.2. PCBs
In the present study, PCB concentrations in ﬁsh samples varied
from 3.97 ± 1.32 to 11.04 ± 3.74 ng g1 ww (mean ± SD) in scab-
bardﬁsh muscle and from 4.54 ± 2.41 to 22.71 ± 8.69 ng g1 ww
in scabbardﬁsh liver. For croaker, PCBs levels ranged from
2.29 ± 1.07 to 25.88 ± 5.69 ng g1 ww in muscle and from
3.41 ± 2.14 to 34.22 ± 11.19 ng g1 ww in liver. For mullet, PCBs
ranged from 2.37 ± 1.85 to 27.60 ± 12.06 ng g1 ww in muscle
and from 3.70 ± 1.92 to 24.53 ± 4.82 ng g1 ww in liver.
The mean residual pattern of PCBs congeners in muscle and li-
ver for scabbardﬁsh, croaker and mullet are presented in Figs. 2–4,
respectively. Only concentrations above the LOQ are shown. Con-
centrations were statistically higher in liver when compared to
muscle (p < 0.05), which is to be expected since these compounds
are lipophilic and liver has more lipid content than muscle tissue.
The bioaccumulation of PCBs in aquatic organisms is directly
linked to their degree of chlorination, stereochemistry and lipo-
philicity (Mazet et al., 2005). PCBs with a high degree of chlorina-
tion have greater tendency to adsorb on sediments than the less
chlorinated and remain static for long periods (WHO, 1993).
The major congeners found in this study were tetra, penta and
hexa-PCBs. This may reﬂect the fact that these PCB classes were
extensively used and marketed in the form of mixtures (Aroclor
1242, 1248, 1254 and 1260) in the United States that were also im-
ported by Brazil (Almeida et al., 2007). The PCBs classes observed
in the present study (tetra, penta and hexa-PCBs) were contained
in Aroclor mixtures 1242, 1254 and 1260, which may indicate
the previous use of these formulations in the area.
Different speciﬁc PCB proﬁles where observed when comparing
the three ﬁsh species in the present study: in mullet, PCB-87 and
-101 were present in higher concentrations in muscle, whereas
in liver the dominant congeners were PCB-87 and -153. Whereas
the major congeners for croaker muscle and liver were PCB-28,
52 and 70, PCB-28 and 70 for scabbardﬁsh liver, and PCB-52, 44
and 138 for scabbardﬁsh muscle at the Paraíba do Sul, in the pres-
ent study PCB-101 and -52 showed higher concentrations in scab-
bardﬁsh muscle and liver, whereas the dominant congeners in
croaker muscle and liver were PCB-87 and -101. Therefore, while
the high contribution of low-chlorinated congeners remains com-
parable, the congeners that contribute to the concentrations ob-
served in each location are different in both studies.
Regarding total PCB concentrations, we observed inter-speciﬁc
differences between the three ﬁsh species.
P
PCBs concentrations
for the muscle samples were 196, 229, 163 and 132 ng g1 ww for
scabbardﬁsh, croaker (rainy season), croaker (dry season) and mul-
let, respectively. The
P
PCBs in liver samples was 313, 398 and
234 ng g1 ww for scabbardﬁsh, croaker (dry season) and mullet,
respectively.
When analyzing these differences, one must take account the
trophic niche in which the three species are inserted in, since they
show different feeding habits, and, thus, different positions in the
trophic web. In the present study,
P
PCBs were higher in croaker,
a carnivorous species, muscle (rainy season) and liver (dry season)
when compared to scabbardﬁsh, a top level carnivore. However,
Fig. 2. Mean distribution of PCBs congeners of scabbardﬁsh liver and muscle (n = 21) sampled during the wet season at Ilha Grande Bay, Rio de Janeiro State, Brazil.
Fig. 3. Mean distribution of PCBs congeners in croaker liver and muscle (n = 25) sampled during the wet and dry season at Ilha Grande Bay, Rio de Janeiro State, Brazil.
Fig. 4. Mean distribution of PCBs congeners in mullet liver and muscle (n = 15) sampled during the dry season at Ilha Grande Bay, Rio de Janeiro State, Brazil.
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would be expected that top predators, like voracious piscivorous
predators as the scabbardﬁsh would show the highest
P
PCBs. A
possible explanation for this discrepancy is that the croaker speci-
mens analyzed in the rainy season were relatively small, hence,
juvenile individuals. It is well known that the relative lipid content
in early life stages is higher than in juvenile/adult stages. There-
fore, it can be expected that ﬁsh in early life stages will accumulate
higher concentrations of lipophilic chemicals, such as PCBs, per
kilogram of total weight (Petersen and Kristensen, 1998). However,
the specimens analyzed in the dry season were adults, so the high-
er
P
PCBs in liver in this instance cannot be accounted for.
P
PCBs
in muscle in the dry season were lower than concentrations ob-
served in scabbardﬁsh, as expected. The comparison between croa-
ker PCB muscle concentrations in both sampling seasons shall be
discussed in the next section.
For both liver and muscle, mullet showed the lowest
P
PCBs
concentrations, which is interesting, since this species is consid-
ered more vulnerable to contaminants than the other two species
since it is detritivorous and these contaminants also adsorb to
the sediment (Iwata et al., 1994; van der Oost et al., 2003; Eljarrat
et al., 2005). This means that this species forages throughout the
water column, ingesting large quantities of sediments and present-
ing a close relation with the substrata (Mansour and Sidky, 2003).
Some studies have suggested that the bioaccumulation of PCBs in
aquatic organisms can be affected by the presence of particles such
as humic acids, dissolved organic matter and sediments, since
PCBs, especially higher-chlorinated congeners, are known to ad-
sorb to sediments, that acts as sinks for several organic compounds
and free particles (van der Oost et al., 2003). This would indicate
there would be higher PCB congeners in mullet proﬁles. However,
as discussed previously, the major PCB classes observed in the
present study were lesser chlorinated classes (tetra-, penta- and
hexa-PCBs), that do not adsorb as much on sediments than the
more chlorinated PCBs (WHO, 1993), thus accounting for the lower
mullet
P
PCBs concentrations in comparison to the other two ﬁsh
species.
The levels found in this study were similar to previous reports
in ﬁsh from Europe, the United States and China (Voorspoels
et al., 2004; Henny et al., 2009; Shen et al., 2009; Quinete et al.,
2011), and some recent studies in Brazil have shown similar distri-
bution and proﬁles of some PCBs congeners, with PCBs levels com-
parable with those found in the present study (Quinete et al.,
2011). However, other studies report higher PCB concentrations
than the present study, such as the study conducted by Miranda
et al. (2008) with the tropical freshwater ﬁsh Hoplias malabaricus
from a lake in Paraná, Brazil and the study by Ueno et al., with skip-
jack tuna (Katsuwonus pelamis) from deep-sea regions of Brazil
(Ueno et al., 2005). These differences in PCB concentrations be-
tween studies could be related to atmospheric deposition, since
deep-sea regions would be less affected and the lake studied in
Paraná is located in a more inland area than the other studies,
which took place in coastal areas, and is largely impacted by indus-
trial, urban, and agricultural activities (Miranda et al., 2008), while
the Ilha Grande Bay is a reference site.
The main hexachlorinated PCBs detected in this study were
PCB-138 and PCB-153, which have a high half-life in the environ-
ment (van der Oost et al., 2003). The predominance of these less
chlorinated PCBs in the studied area could be related to the contri-
bution of atmospheric transportation of these compounds, since
they have higher vapor pressure than higher chlorinated PCBs. This
facilitates their transport along the atmosphere by dry and wet
deposition or through ocean currents (Harvey and Steinhau,
1974; Skarphedinsdottir et al., 2010). Moreover, higher chlorinated
PCBs are less efﬁciently transferred through the food chain due to
restrictions on the permeability of cell membranes (Kannan et al.,1998). The high contribution of low-chlorinated congeners in croa-
ker and scabbardﬁsh in this study corroborate with previous stud-
ies conducted with marine and freshwater ﬁsh, both in Brazil and
other locations, such as the River Turia, in Spain, and the Salton
Sea, in California (USA) (Bordajandi et al., 2003; Sapozhnikova
et al., 2004; Quinete et al., 2011).
Furthermore, Quinete et al. (2011) investigated two of the same
ﬁsh species (croaker and scabbardﬁsh) as the present study in
southeastern Brazil. Their results indicate that both species show
high concentrations of low-chlorinated congeners in very different
locations in Brazil. The ﬁrst location, the Paraíba do Sul river, is
heavily contaminated by agricultural and highway runoff and dis-
charges from untreated industrial and domestic waste (Linde-Arias
et al., 2008), while the second location, Ilha Grande Bay, is consid-
ered a reference area. Therefore, with these comparable results in
the same species in very different environments, the possibility
of a local PCB source is decreased and a possibility of PCB input
in both systems by atmospheric deposition seems likely.
3.2.3. Statistical analyses
Correlations between weight, length and the main PCB congen-
ers were investigated for each ﬁsh species. Several signiﬁcant cor-
relations were observed (p < 0.05) in each case. After identifying
the correlations, a PCA analysis was conducted, using the Scree test
was performed to ﬁnd the number of factors that can be used in the
interpretation related to the estimated correlations and to justify
the variance of the data (Cattell, 1966).
3.3.2.1. Mullet. For mullet, signiﬁcant correlations were found be-
tween the concentrations of certain PCB congeners and ﬁsh lipid
content. The Scree test estimated three factors that accounted for
85.23% of the total variance of the data. The ﬁrst factor was com-
posed only of PCB congeners PCB-31, -28, -52, -44, -70, -66, -101,
-110, -118 and -105, accounting for 60.40% of the data variance.
The second factor was composed of lipid content and PCB congen-
ers PCB-99, 153 and 132, representing 14.13% of the data variance.
Finally, the third factor was composed of ﬁsh weight and length,
representing 10.70% of the data variance. The ﬁrst factor grouped
tri, tetra and pentachlorinated PCB congeners together. The second
factor included two hexachlorinated (PCB-132 and 153), and one
pentachlorinated congener (PCB-99). The correlation of PCB-132
and 153 with lipid content is probably due their higher degree of
chlorination, while PCB-99 may have been included in this group
due to the position of the halogen in the molecule, since the degree
of bioaccumulation of certain congeners in aquatic organisms is
also dependent on this factor (Mazet et al., 2005). The third factor
grouped ﬁsh weight and length, which is expected since it is
known that ﬁsh weight is directly related to ﬁsh length (Blackwell
et al., 2000). The PCA analysis is shown in Fig. 5.
3.3.2.2. Croaker. Correlations between the congener concentrations
and croaker weight and length were observed. The Scree test esti-
mated two factors that together explain 90.91% of total data vari-
ance. The ﬁrst factor was composed by congeners PCB-28, -49,
-74, -70, -66, -95, -101, -99, -97, -110, -118 and -105, correspond-
ing to 75.36% of the data variance, while the second factor was
composed of ﬁsh weight and length, corresponding to 15.5% of
the data variance. The ﬁrst factor, as in the case of mullets, grouped
tri, tetra and pentachlorinated PCB congeners together, and, again
as in the case of mullets, ﬁsh weight and length were also grouped
together.
The PCA analysis for this species distinguished two very distinct
groups, one composed of croaker muscle samples collected in the
rainy season, and one composed of samples collected in the dry
season (Fig. 6). Statistically signiﬁcant differences for
P
PCBs in
croaker muscle were observed, with higher values in the rainy
Fig. 5. Principal components analysis for mullet muscle samples collected during the dry season showing the three extracted factors.
Fig. 6. Principal components analysis for croaker muscle samples collected during the dry and rainy season. CM – Croaker Muscle.
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(132 ng g1 ww). This difference cannot be ascribed to the previ-
ously discussed fact that the specimens from the rainy season were
juveniles, with more lipid content, since data in PCA analyses are
normalized. Therefore, this differential seasonality trend could be
interpreted as perhaps more atmospheric PCB contribution to the
Ilha Grande area or water column disturbances due to the heavy
rainfalls and winds that occur in the area during the rainy season
when compared to the dry season. This could lead to sediment
resuspension and more PCB availability in the water column, since
these compounds are known to adsorb to sediment.
3.3.2.3. Scabbardﬁsh. The only correlation observed for scabbard-
ﬁsh was between PCB congeners. The Scree test estimated a single
factor, composed of PCB congeners PCB-31, -28, -52, -49, -44, -74,-70, -66, -95, -101, -99 and -110, which is solely responsible for a
variance equal to 88.77% in concentrations of PCBs congeners.
Again, as in the case of mullet and croaker, tri, tetra and pentachlo-
rinated congeners were grouped together. However, since only one
factor was extracted in the PCA analyses, sample separation into
groups was not possible.
3.2.4. Intake of PCBs by the local population
The daily PCBs intake was estimated for the human population
of this region. Brazil has an average intake of 24.74 g per day of ﬁsh
per capita, with an average of 9.03 kg per inhabitant per year (Bra-
sil, 2009). Human PCBs intake was calculated for each ﬁsh species.
PCBs intake through mullet consumption was of 3127.87 ng
day1; through croaker consumption mean values of 3054.40
ng day1 for the rainy season and 8100.57 ng day1 for the dry
2442 R. Lavandier et al. / Chemosphere 90 (2013) 2435–2443season were calculated; and through scabbardﬁsh consumption
PCBs intake was of 1953.98 ng day1. These values are slightly
above the maximum limit for these contaminants according to Bra-
zilian law, except for scabbardﬁsh. This legislation stipulates a
maximum intake of 3000 ng g1 day1 (lipid weight). These values
are also higher than the values stipulated by FDA/EPA, which set a
maximum of 2000 ng g1 day1 (lipid weight) (FDA and EPA, 2001)
and the Italian legislation, that stipulates a value of 100 ng g1 -
day1 (lipid weight) for PCBs (Storelli et al., 2003). Therefore, the
consumption of mullet and croaker in the Ilha Grande bay area is
of great concern.
4. Conclusions
The analyses of muscle and liver from three ﬁsh species, scab-
bardﬁsh (T. lepturus), croaker (M. furnieri) and mullet (M. liza) from
Ilha Grande Bay, southeastern Rio de Janeiro showed no PBDEs
contamination source in the study area, since all PBDEs congeners
were below the method LOQ. PCBs concentrations, on the other
hand, were quantiﬁable and ranged from 2.29 to 34.22 ng g1 ww
in muscle and livers samples.
In general, PCB concentrations found in liver were higher than
those found in samples of muscle. PCB-87 was the major congener
detected, with a mean concentration of 34.22 ng g1 ww in croaker
samples. Despite being considered an unpolluted area, these sam-
ples showed relatively high concentrations and suggest the exis-
tence of a PCB contamination source in Brazil.
Signiﬁcant correlations were found between PCBs congeners
and muscle and liver from the three species. Signiﬁcant positive
correlations were established between PCBs concentration and ﬁsh
biometric variables (length and weight) in mullet, as expected,
since ﬁsh length is directly related to age and, therefore, time of
exposure, and also between two hexachlorinated and one penta-
chlorinated congener and lipid content, probably due to their high-
er degree of chlorination and/or halogen position in the molecule.
Croaker samples showed seasonal variations, which were statisti-
cally tested and conﬁrmed by principal component analysis
(PCA), which could be caused by more atmospheric PCB contribu-
tion to the Ilha Grande area during the rainy season. Scabbardﬁsh
samples showed only correlations among PCB congeners.
Calculated values for the daily intake of ﬁsh by the population
around Ilha Grande Bay showed levels of PCBs above the maximum
allowed under Brazilian law, FDA/EPA and the Italian legislation,
therefore raising great concern about PCB contamination of ﬁsh
products consumed in the area.
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